Aim: To evaluate the correlation of blood lactate and mixed venous oxygen saturation to predict outcome in off-pump coronary artery bypass grafting. Method: This is a randomized study including 30 patients. Blood lactate and mixed venous oxygen saturation were measured in 4 groups of patients-number of grafts, presence or absence of left main coronary artery disease, ejection fraction and serum creatinine. Blood samples were taken before induction, after grafting, on intensive care unit admission, 24 hours and 48 hours after surgery. The measured blood lactate and mixed venous oxygen saturation are compared to assess the outcomes in terms of duration of ventilation and intensive care unit stay. Results: The blood lactate and mixed venous oxygen saturation values increased post operatively but no statistically significant difference in three groupsnumber of grafts, left main coronary artery disease and ejection fraction. In serum creatinine group, the blood lactate value was found to be statistically significant after grafting in patients with creatinine <1.5 mg/dl, however, there was a significant disparity in numbers. Conclusion: Mixed venous oxygen saturation is a better predictor of morbidity than blood lactate in terms of intensive care unit stay in patients undergoing off pump coronary artery bypass grafting.
Introduction
Coronary artery disease is surgically treated by grafting the coronary arteries with different native vessels. Coronary artery bypass grafting was traditionally performed by using cardiopulmonary bypass. Only in the last few decades, off-pump coronary artery bypass grafting surgery has come into clinical practice allowing the same surgery to be performed without the use of cardiopulmonary bypass. The avoidance of cardiopulmonary bypass has been proposed to reduce the postoperative systemic inflammatory response in off-pump coronary artery bypass grafting (OPCAB). Blood lactate and mixed venous oxygen saturation are different indices of adequacy of oxygen delivery to the tissues. Studies have shown that high blood lactate levels and low mixed venous oxygen saturation during coronary artery bypass grafting are potential early predictors of morbidity and mortality [1] [2].
Hypothesis: Blood lactate level and mixed venous oxygen saturation predict the morbidity in patients undergoing off pump coronary artery bypass grafting.
Our aim is to evaluate the correlation of blood lactate value and the mixed venous oxygen saturation in predicting outcome in off pump coronary artery bypass grafting.
Method
30 consecutive patients who underwent off pump coronary artery bypass grafting were included in this randomized prospective study. The hospital ethics committee approval was obtained. All the patients underwent surgery under general anesthesia with endotracheal intubation and controlled ventilation. Anesthesia was administered as per our institutional practice. Standard monitoring was used which includes electrocardiogram, invasive artery pressure, pulse oximetry, end-tidal carbondioxide, pulmonary artery pressure, temperature, urine output and bispectral index. Coronary artery bypass grafting was performed off pump by stabilizing the heart with octopus suction (Maquet) apparatus while grafting. Left internal mammary artery was used for grafting left anterior descending artery and other arteries were grafted using saphenous vein grafts.
Blood lactate levels and mixed venous oxygen saturation are measured serially by taking blood samples at baseline after placement of pulmonary artery catheter, after grafting and on admission of patients to intensive care unit. Day 1 sample taken after 24 hours and day 2 sample after 48 hrs were also studied. Blood lactate and mixed venous oxygen saturation values are obtained from standard blood gas analysis (ABL 800 Basic).
Blood lactate and mixed venous oxygen saturation values were compared in four groups of patients, divided depending on presence or absence of left main coronary artery disease, ejection fraction ≤45% or >45%, creatinine ≤1.5 mg/dl or >1.5 mg/dl and number of grafts ≤3 or >3. The effect of blood lactate and mixed venous oxygen saturation on duration of ventilation and intensive care unit stay were also studied.
Statistics
Continuous variables are represented as mean ± standard deviation. Student's t-test was used when appropriate for comparison of continuous variables. Association of independent variables with the outcome measurements of duration of ventilation and duration of intensive care unit stay were explored by using a logistic regression analysis. The data were analyzed using IBM.SPSS.19.0 version.
Results

Left Main Coronary Artery Disease
The number of patients with left main coronary artery disease was 11 and without left main coronary artery disease were 19. Blood lactate values were similar in both the subsets. The blood lactate level was highest in the sample sent on day one in patients with left main disease (2.281 mmol/L) and was highest on intensive care unit admission in patients without left main disease (2.742 mmol/L) and decreased thereafter. Mixed venous oxygen saturation after grafting was higher in patients with left main coronary artery involvement compared to those without left main disease. Mixed venous oxygen saturation was lowest in the sample sent on day two in both the subsets (59.50% & 60.28%). There was no statistically significant difference between the two subsets in terms of blood lactate and mixed venous oxygen saturation ( Table 1) .
Ejection Fraction
The number of patients with ejection fraction ≤45% were 12 and with ejection fraction >45% were 18. The blood lactate values increased after surgery when compared to baseline values. Blood lactate values were slightly higher in patients with ejection fraction >45% than with ejection fraction ≤45%, except in day one sample. The lactate level was highest in the sample sent on intensive care unit admission in both the subsets (2.35 mmol/L & 2.69 mmol/L). Mixed venous oxygen saturation values show a decreasing trend in both the subsets after surgery. However the mixed venous oxygen saturation was higher in patients with ejection >45%. Mixed venous oxygen saturation were lowest in the sample sent on day two in both the subsets (59.9% & 60.0%). There was no statistically significant difference between the two subsets in terms of blood lactate and mixed venous oxygen saturation ( Table 2 ).
Serum Creatinine
The number of patients having serum creatinine ≤1.5 mg/dl were 27 and with creatinine >1.5 mg/dl were 3. The lactate levels were highest in the sample sent on intensive care unit admission in both the subsets (2.588 mmol/L & 2.266 mmol/L). Mixed venous oxygen saturation values show a decreasing trend in both the subsets after surgery. Mixed venous oxygen saturation was lowest in the sample sent on day two in both the subsets (60.12% & 58.86%). There was statistically significant difference between the two subsets in blood lactate values, taken after grafting (p = 0.031) and no statistically significant difference in mixed venous oxygen saturation among two subsets (Table 3) .
Number of Grafts
The number of patients with >3 grafts were 11 and the patients with <3 grafts were 19. In patients with >3 grafts the blood lactate values increased after surgery when compared to baseline values except on day 2. Blood lactate level was highest in the sample sent on intensive care unit admission in both the subsets (3.0 mmol/L & 2.29 mmol/L). Mixed venous oxygen saturation values showed a decreasing trend in both the subsets after surgery. Mixed venous oxygen saturation values were higher in patients with >3 grafts except in sample sent on intensive care unit admission. There was no statistically significant difference between the two subsets in terms of lactate and mixed venous oxygen saturation ( Table 4) . The outcome of patients was measured in terms of duration of ventilation and intensive care unit stay. The number of patients with blood lactate value on intensive care unit admission ≤3 mmol/L were 24 and >3 mmol/L were 6. Duration of ventilation and intensive care unit stay were almost similar in both the subsets ( Table 5) . The number of patients with mixed venous oxygen saturation >65% were 22 and ≤65% were 8. The duration of ventilation was similar in both the groups. However the duration of intensive care unit stay was higher when the mixed venous oxygen saturation was ≤65% and is statistically significant (p = 0.029).
Left main artery involvement, ejection fraction & number of grafts did not affect the duration of ventilation 
Discussion
Blood lactate levels were measured as a means of evaluating tissue hypoxia. While it is not specific for oxidative damage during reperfusion, it may reflect the transition from anaerobic to aerobic myocardial metabolism [3] . Persistent lactate production after reperfusion reflects delayed recovery of aerobic metabolism. Postoperative hyperlactatemia has been shown to correlate with increased postoperative morbidity [4] - [6] . Off pump coronary artery bypass grafting although is associated with some risk of ischemia, definitive cell damage has not occurred as glycerol levels, a commonly accepted indicator of cellular membrane damage, do not increase overtime [7] . Factors independently associated with hyperlactatemia were the preoperative serum creatinine value, active endocarditis, duration of cardiopulmonary bypass, ionotropes and the peak blood glucose level [8] . Hyperlactatemia is of 2 types. Type A hyperlactatemia is due to impaired oxygen delivery to the tissues leading to anaerobic metabolism and excessive production of pyruvate which is converted to lactate. Type B hyperlactatemia represents the inability of peripheral tissue to use oxygen and not because of tissue dysoxia. A number of factors influence the production of lactate. Lactate concentration depends on the balance between production and elimination (by the liver). However, the kinetics of lactate clearance depends basically on the production rate, because hepatic clearance appears to be preserved even during cardiogenic shock [9] . A change in lactate level of >3 mmol/l had the optimal sensitivity (82%) and specificity (80%) for mortality, although the positive predictive value was low [10] . After cardiac surgery, epinephrine and hyperglycemia were identified by Raper et al. [11] as factors frequently associated with a lactate concentration >5 mmol/l, but no statistical analysis was performed. Enhanced endogenous glucose levels have been described in cardiac surgery patients and are attributed to endogenous secretion of stress hormone and cytokine leading to insulin resistance, which can affect blood lactate levels [12] . Blood lactate values are measured as they can reflect morbidity in these patients. Lactate value of 3 mmol/l is taken as cutoff value and divided the patients into 2 groups, blood lactate >3 mmol/l and blood lactate ≤3 mmol/l. The extent of hemodynamic compromise during cardiac surgery reflects the complications which can occur postoperatively, can be estimated by measuring mixed venous oxygen saturation (SvO2). It is shown that the value of mixed venous oxygen saturation on admitting to intensive care unit after surgery influences the short and long-term outcomes in cardiac patients. Since postoperative complications remain an important determinant of long-term outcome, we also wanted to study mixed venous oxygen saturation with regard to duration of ventilation and intensive care unit stay. In a study done by J. Holm et al. [13] it was shown that the best cut-off for 30 day mortality related to heart failure was mixed venous oxygen saturation <60.1% with a sensitivity of 59.3%, and a specificity of 82.4%. The negative predictive value was 99.5%. Postoperative morbidity was also significantly higher in patients with mixed venous oxygen saturation <60% including higher incidence of perioperative myocardial infarction, renal failure, stroke, reoperation or bleeding, prolonged intensive care unit stay and ventilator hours. Thus in our study we have taken the lower limit of normal mixed venous oxygen saturation (65%) as cut off value and to assess the outcome and divided the patients into 2 groups, mixed venous oxygen saturation ≤65% and >65%.
In a study done by Marco Ranucci [14] on pediatric patients undergoing cardiac surgery on cardiopulmonary bypass, results revealed that measuring central venous oxygen saturation alone has high predictive value for morbidity but not mortality. Combining blood lactate measurement along with central venous oxygen saturation has high sensitivity and specificity in predicting mortality and morbidity [15] . We have measured both blood lactate and mixed venous oxygen saturation in our study, mixed venous saturation being more specific than blood lactate. The blood lactate values of patients in all the groups are seen to increase from baseline till ICU admission, following which they showed a decreasing trend on day 1 and day 2 (Figure 1 ). In patients with creatinine >1.5 mg/dl there was a significant increase in blood lactate level after grafting. The mixed venous oxygen saturation values decreased from baseline post operatively in all groups of patients (Figure 2) . This can be attributed to the increase demand and oxygen extraction.
Duration of ventilation and intensive care unit stay also depends on other factors like age, cardiac function preoperatively, comorbid condition and severity of disease. We studied the involvement of left main artery, creatinine value, ejection fraction and number of grafts on outcome of patients ( Table 6 ). The mean duration of intensive care unit stay was less in patients with creatinine >1.5 mg/dl. This finding might be due to other factors influencing the stay in intensive care unit like age and ejection fraction are relatively better in these patients than those with creatinine ≤1.5 mg/dl. Another factor may is the disparity in number of patients among creatinine group. Majority of patients included in the study had good renal function that is creatinine ≤1.5 mg/dl and the blood lactate and mixed venous oxygen saturation are within normal limits. 
Conclusion
Monitoring the blood lactate and mixed venous oxygen saturation together in patients undergoing off-pump coronary artery bypass grafting has high sensitivity and specificity in predicting the outcome. However mixed venous oxygen saturation is more predictable than blood lactate in terms of duration of intensive care unit stay but not duration of ventilation. Early detection of abnormal values and prompt management will improve the outcome of the patients which influence the postoperative morbidity and thereby mortality.
